Propolis is a resinous mixture of substances collected by honey bees from certain plants. It has gained popularity as a food and alternative medicine. We recently obtained Thailand stingless bee propolis. However, to the best of our knowledge, there are only a few studies on native Thailand stingless bee propolis. The purpose of this study was to analyze the composition of Thailand stingless bee propolis and to identify its plant origin. Comparative analysis of the 70% ethanol extracts of Thailand stingless bees propolis and the yellow resin from the fruit surface of Garcinia mangostana was performed using reversed-phase high-performance liquid chromatography coupled with high resolution-electrospray mass spectrometry. The extracts showed the similar chromatographic patterns. In conclusion, we suggest that the plant origin of Thailand stingless bee propolis is the yellow resin from fruit surface of G. mangostana.
Propolis is a resinous mixture of substances collected by honey bees from the buds and exudates of plants. Bees use propolis to protect their hives from disease agents and predators, and people have used propolis as antiseptic and therapeutic agents since antiquity. Because honey bees collect propolis materials from certain plants around their hives, the components and functions of propolis depend on the collection area [1] . Propolis is currently used as a health or functional food because of its biological properties, which include antioxidant [2] , antibacterial [3] , and anticancer activities [4] .
Stingless honeybees exist in the tropical regions of the world, such as Thailand and Indonesia [5] . Their length is about 5 mm. They play a considerable role in plant pollination in tropical regions and also produce propolis. In Thailand and India, stingless bee propolis is often applied for the treatment of various maladies such as acne, diabetes, and inflammation [6] . The antimicrobial and antioxidant activities of several species of stingless bee propolis have also been investigated [7] . However, to the best of our knowledge, there are only a few studies on native Thailand stingless bee propolis. Therefore, information on its chemical composition, biological activities, and plant origin is needed in order to investigate the potential utility of propolis. We recently obtained propolis from stingless bee species, Tetragonula pagdeni, from a mangosteen orchard in Thailand, and it was reported that this propolis could be used as a more suitable raw material for nutraceutical and pharmaceutical products [8] . In this paper, we report the component analysis and possible plant origin of T. pagdeni propolis.
Nine prenylated xanthones were isolated from propolis and their identities were confirmed using high resolution-electrospray mass spectrometry (HRESIMS) and NMR data. These compounds were previously isolated from the pericarps of Garcinia mangostana [9] and were identified as α-mangostin (1), garcinone C (2), γ-mangostin (3), garcinone D (4), β-mangostin (5), gartanin (6), 8-deoxygartanin (7), 9-hydroxycalabaxanthone (8) , and mangostanol (9) by comparison of their spectroscopic data to those reported previously [10] . Therefore mangosteen fruit was paid attention. Comparative analysis of the 70% ethanol extracts of Thailand stingless bees propolis (EEP) and the yellow resin from the fruit surface of G. mangostana (EEM, Figure 1 ) was performed using reversed-phase high-performance liquid chromatography (RP-HPLC) coupled with HRESIMS. The extracts showed the similar chromatographic patterns (Figure 2 ). Thus, it is thought that G. mangostana is the plant origin of Thailand stingless bee propolis. Furthermore, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicalscavenging activities of EEP and EEM were investigated and Brazilian [11] and Uruguayan propolis [12] were used for comparison. The plant origins of Brazilian and Uruguayan propolis are Baccharis dracunculifolia and poplar species, respectively [12] [13] . At a final concentration of 100 µg/mL, all extracts exhibited radical-scavenging activities. The activities of EEP, EEM, Brazilian and Uruguayan propolis were 46.8 ± 4.7%, 85.6 ± 3.0%, 63.6 ± NPC Natural Product Communications (8) 2018 Ishizu et al.
2.5% and 69.3 ± 3.3%, respectively. Then, the contents of γ-mangostin and gartanin in EEP and EEM were quantified using analytical HPLC. These two compounds has been reported to possess antioxidant activity [8, 9a] . The contents of γ-mangostin were 9.3 ± 0.1 mg/g of EEP and 146.6 ± 6.4 mg/g of EEM. On the other hand, the contents of gartanin were 2.8 ± 0.1 mg/g of EEP and 34.7 ± 1.1 mg/g of EEM. The percentage recovery value was found to be 86.2% by the recovery test. Propolis may contain a secretion originated from honey bees, but it has not been reported that the secretion possesses antioxidant activity as far as we know. Thus, the reason that DPPH radical-scavenging activity of the plant resin (EEM) was higher than that of propolis (EEP) might be because of the differences of the antioxidant compounds contents in the samples.
In conclusion, the plant origin of propolis from Thailand stingless bees is likely the yellow resin from the fruit surface of G. mangostana. However, there was a difference in the antioxidant activity of the extracts from propolis and the plant, which may be due to differences in the antioxidant content of the resin and propolis. Further investigation of the biological activities of propolis from Thailand stingless bees are in progress and will be reported in due course. 
Experimental
Sample preparation: Stingless bee propolis sample was collected from an orchard in Chanthaburi, Thailand in May 2016. This stingless bee was identified as Tetragonula pagdeni by Dr. Chama Inson, Department of Entomology, Faculty of Agriculture, Kasetsart University, Thailand. The specimen (No. 1214003) was deposited at Faculty of Pharmaceutical Sciences, Burapha University, Thailand. The propolis was collected from different part of three beehives, and stored in 0-4 °C before tested. Yellow resin from the fruit surface of G. mangostna was collected in the same orchard in June 2017. Propolis (4.5 g) and G. mangostana resin (54 mg) were extracted with 70% ethanol (EtOH) (100.0 mL and 3.0 mL, respectively) at room temperature for 24 h, and the resulting solutions were concentrated under reduced pressure to give the EtOH extracts (EEP and EEM). Samples were dissolved in MeOH and filtered through a 0.22 µm membrane filter (Starlab Scientific, Shaanxi, China).
Extraction and Isolation:
Stingless bee propolis (96.0 g) was extracted with 70% EtOH (1.2 L) at room temperature for 24 h and filtered. All filtrates were concentrated under reduced pressure to give EtOH extract (18.5 g). This extract was suspended H 2 O (300 mL) and successively partitioned with n-hexane (2  300 mL), ethyl acetate (EtOAc) (2  300 mL) to give n-hexane (1.2 g), EtOAc (3.8 g), and H 2 O (11.4 g) extracts, respectively. The EtOAc extract (3.8 g) was separated by column chromatography over silica gel 60N (230-400 mesh, Kanto Chemical, Tokyo, Japan). The column was sequentially eluted with n-hexane/EtOAc-MeOH gradient mixtures (5:1, 300 mL; 4:1, 500 mL; 3:1, 600 mL; 2:1, 400 mL; 1:1, 400 mL; 0:1, 300 mL; MeOH 250 mL), to yield 26 fractions. Fraction 3 was subjected to preparative RP-HPLC with H 2 O-MeCN (15:85, 0.1% TFA) to give 8 (9.2 mg). Fraction 4 was subjected to preparative RP-HPLC with H 2 O-MeCN (20:80, 0.1% TFA) to give 5 (5.0 mg), 6 (4.1 mg) and 7 (5.7 mg). Fraction 9 subjected to preparative RP-HPLC with H 2 O-MeCN (30:70, 0.1% TFA) to give 1 (24.5 mg). Fraction 12 subjected to preparative RP-HPLC with H 2 O-MeCN (30:70, 0.1% TFA) to give 9 (1.8 mg). Fractions 16 subjected to preparative RP-HPLC with H 2 O-MeCN (30:70, 0.1% TFA) to give 3 (2.2 mg) and 4 (2.1 mg). Fraction 17 subjected to preparative RP-HPLC with H 2 O-MeCN (30:70, 0.1% TFA) to give 2 (4.1 mg). All separations with preparative RP-HPLC were performed at a flow rate of 10 mL/min and compounds were detected using an wavelength of 270 nm.
Instrument conditions: High-resolution electrospray ionization mass spectra (HR-ESIMS) were recorded using an Accela LC system (Thermo Fisher Scientific, Waltham, MA, USA) equipped with a quadrupole mass spectrometer, Q-Exactive (Thermo Fisher Scientific). Xcalibur software was used for system control and data analysis. The 1D 1 H (400 MHz) and 13 C NMR (100 MHz) spectra, and the 2D HSQC and HMBC spectra were recorded on a Bruker AVANCE III 400 spectrometer (Bruker BioSpin, Billerica, MA, USA). The chemical shift values (δ) have been reported in ppm, and the coupling constants (J) have been reported in Hz. The chemical shifts in the 1 H and 13 C NMR spectra have been corrected using the residual solvent signals of methanol-d 4 (δ H 3.31, δ C 49.0). For RP-HPLC separations with a recycling system, a PU-2086 Plus intelligent prep pump (Jasco Co., Inc.), UV-2075 Plus intelligent UV/VIS detector (Jasco Co., Inc.), a CAPCELL PAK C18 UG 120 column (5 m, 20  250 mm, Shiseido, Tokyo, Japan) and HPLC grade solvents were used. For qualitative analysis, an instrument equipped with a PU-980 intelligent HPLC pump (Jasco Co., Inc.), UV-970 Plus intelligent UV/VIS detector (Jasco Co., Inc.) and a CAPCELL PAK C18 UG 120 column (5 µm, 4.6 × 250 mm, Shiseido, Tokyo, Japan) were used. For quantitative analysis, an instrument equipped with a PU-2089 Plus quaternary gradient pump (Jasco Co., Inc.), MD-4017 photo diode array detector (Jasco Co., Inc.), AS-4050 HPLC autosampler (Jasco Co., Inc.) and a CAPCELL PAK C18 UG 120 column (5 µm, 4.6 × 250 mm, Shiseido, Tokyo, Japan) were used. The mobile phases consisted of water with 0.1% TFA (A) and acetonitrile with 0.1% TFA (B). A linear gradient of 20-100% B over 50 min followed by 100% B from 50 to 60 min at a flow rate of 1 mL/min was used. The injection volume was 10 µL. The HPLC chromatograms are shown at 270 nm (Fig. 2) .
DPPH free radical scavenging activity: DPPH radical scavenging assay was carried out in order to evaluate the antioxidant activity [14] . EEP and EEM were dissolved in dimethyl sulfoxide (DMSO) at 100 mg/mL, and then they were dissolved in 50% EtOH at twice concentration as much as final concentration. Aliquots of these solutions (100 µL) were added to 100 µL of 0.2 mM DPPH in ethanol. The final concentrations of EEP and EEM were 12.5, 25, Plant origin of propolis from Thailand stingless bees Natural Product Communications Vol. 13 (8) 2018 975 50, and 100 µg/mL. After incubation at room temperature in the dark for 30 minutes, the absorbance was recorded at 517 nm. The control solution only contained ethanol and DPPH. The results were expressed as the percentage decrease in absorbance with respect to the control values.
Quantification analysis of active compound using HPLC: Quantification of two compounds (γ-mangostin and gartanin) which have antioxidant activity was performed using the HPLC. γ-Mangostin was purchased from Sigma-Aldrich (St. Louis, MO, USA) and gartanin was purchased from Fujifilm Wako Pure Chemical Corporation (Osaka, Japan). These were used as standards, and a calibration curve was made for each compound. Analysis of EEP and EEM were conducted three times and the standard deviation (SD) was calculated. A recovery test was conducted using the standard addition method.
Supplementary data: Chemical structures, retention times, MS, 1 H and 13 C NMR data for compounds 1-9.
